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Abstract: 
Background and Aims: Anxiety is one of the symptoms of menopause, which is due to 
stopping of ovarian activity. The aim of this study was to investigate the effect of 
Foeniculum vulgare L. extract on anxiety-like behaviors in ovariectomized mice.  
Methods: Eighty female mice weighing 25-30 g and aged 6-8 weeks were divided into 
10 groups of eight each, controls: the group without ovariectomy given distilled water, 
positive controls: the ovariectomized group receiving 40 µg/kg of estradiol valerate, the 
groups without ovariectomy given F. vulgare extract by gavage at 200, 500, and 750 
mg/kg, the ovariectomized group given distilled water, the ovariectomized groups given 
F. vulgare extract at 200, 500, and 750 mg/kg, and the ovariectomized group given 
diazepam at 1 mg/kg. Elevated plus maze (EPM) and open field were used to investigate 
anxiety in mice. The level of malondialdehyde (MDA) and total antioxidant capacity 
(TAC) of the brain and serum were also measured.  
 Results: In ovariectomized mice, the number of entries to the closed arms of EPM was 
significantly increased compared with control group (P<0.05). Treatment of 
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number of entries to the open arms and significantly decreased the number of entries to 
the closed arms of EPM (P<0.05). The time spent in the center and the crossing squares 
in the open field significantly decreased in ovariectomized mice compared with control 
group and treatment with estradiol significantly increased them (P<0.05). In 
ovariectomized mice, serum and brain MDA levels significantly increased and their TAC 
significantly decreased compared with control group. Different doses of extract, estradiol 
and diazepam significantly reduced MDA levels and increased TAC in both brain and 
serum (P<0.05). 
Conclusion: vulgare extract may ameliorate the symptoms of anxiety in ovariectomized 
mice by reducing oxidative stress. 
Keywords: Foeniculum vulgare L., Anxiety, Antioxidant capacity, Malondialdehyde 
INTRODUCTION 
 One of the natural periods of 
women's life is menopause in which 
menstruation stops and there will be no 
more possibility of fertility. Menopause 
starts at the age of about 45-55 years 
and occurs due to secretion of less 
amounts of hormones such as estrogen 
by ovaries, leading to menopause signs. 
First, irregular menstruation occurs and 
then it will stop. The women without 
one year of  menstruation are 
considered as postmenopausal 
1
.  
The ovarian activity toward 
gonadotropin is omitted, and their 
operation is decreased with aging. 
Meanwhile, menstruation does not 
occur; menopause occurs and leads to 
the reduction of sex hormones and the 
increase of follicle stimulating hormone 
(FSH). Estrogen reduction due to 
menopause results in problems such as 
flushing, night sweating, boredom, 
irritability, trembling, memory 
disorders, reduction of memory and 
brain speed processing, dizziness, 
anxiety, and depression, some of which 
are developmental among 
postmenopausal women 
2
. Anxiety is 
considered as one of the common 
disorders that are viewed as 
motivational and natural feelings that 
compatible signs of acute stress 
response. Anxiety appears when there is 
a fear of an individual (coherence). 
However, when anxiety is unbalanced 
and become acute, it is regarded as an 




Various factors such as lifestyle, 
genetic, and sex hormones affect 
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anxiety due to the menopause. Research 
has demonstrated that high levels of 
estrogen decrease anxiety 3. It has been 
reported that post-menopausal women 
become anxious and an alternative 
treatment with estrogen can improve 
their anxiety 
4
 . However, longer 
treatment with estrogen during 
menopause improves endometrioses, 
breast cancer, and heart diseases. 
Therefore, researchers seek out 
alternative treatments to estrogen to 
prevent its complications 
3
. 
Oxidative stress is defined as an 
imbalance between increased reactive 
oxygen species (ROS) production and 
inadequate antioxidant defense, a 
condition characterized by an overload 
in oxidants, which may culminate in 
cellular dysfunction. Previous studies 
have demonstrated that oxidative stress 
contributes to aging and age-related 




Foeniculum vulgare L (fennel) is a 
flowering plant of Apiale, Apiacea and 
Foeniculum family. F. vulgare is a 
fragrant grassy plant with two or more 
years old and 2 m high, the fruit of F. 
vulgare is 6-10 mm long and 2-3 mm 
wide, has a fusiform track and green to 
light brown shape 
6
. This plant has 
estrogen-like compounds 
(phytoestrogens)  and  has warm nature. 
F. vulgare can increase milk due to the 
phytoestrogens, and it is the best 
treatment for menstruation stoppage. In 
addition, F. vulgare is anti-obesity and 
can remove vagina inflammation and 
flushing of menopause. Besides that, if 
it used with Echium amoenum, it can 
stop menstruation interruption. This 
plant is antispasmodic and anti–
meteorism and improves irritable bowel 
and reduces food appetite 
7
. Generally, 
all the F. vulgare parts including stem, 
leaves, and fruit are used. The oily fruit 
of the plant includes 63% water, 95% 
protein, 10% fat, 13.4% mineral 
materials, 18.5% fiber, and 42.3% 
carbohydrates. The oil extracted from F. 
vulgare fruit includes 4% palmitic acid, 
22% oleic acid, 14% linoleic acid, and 
6% petro cyclic acid. This fruit has 4-
6% essential oil with differing 
compounds and fragrance based on the 
plant growth location 
8
. There are over 
30 types of terpenes in F. vulgare 
essential oil; anethole is the most 
important of these terpenes that 






F. vulgare fruit includes flavonoids, 
phenolic acids, hydroxyl acids, 
coumarin, and tannin. F. vulgare 
contains phenol, flavonoids, and 
phenolic acids. Phenolic acids include 
chlorogenic acid, cryptochlorogenic 
acid, neochlorogenic acid, and 
rosmarinic acid. Flavonoids have 
eriositrin, quercetin, iso quercetin, rutin, 
hyperacid, nicotyphlorin and 
kaempferol 
10
. The aim of this study 
was to investigate the effect of 
Foeniculum vulgare L. extract on 




F. vulgare samples were collected and 
then botanically authenticated in the 
Herbarium Unit at Medical Plants 
Research Center of Shahrekord 
University of Medical Sciences (No. 
721). Then, they were (the whole 
samples: 1000 g) were crashed gently 
and macerated. A powdered plant was 
distilled in water poured in an 
Erlenmeyer to make a pasty form due to 
the existence of carbohydrate and water 
absorption; in addition, sufficient 
amount of boiling water was added in 
some phases. The gained extraction was 
filtered after 72h, and it was 
concentrated in a rotary evaporator. 
Then, the extract was dried at 37 ºC 
11
. 
Laboratory animals and grouping: 
 A total of 80 female mice weighing 25-
30 g and aged 6-8 weeks were kept at 
25 ºC, under 12/12 h light/dark cycle 
with free access to the same food and 
water that were used in this study(from 
Tehran Institute Pasteur).  
The mice were anesthetized for 
ovariectomy by 90 mg/kg of ketamine 
and 4.5 mg/kg of xylazin. After 
complete anesthetization, the abdomen 
was trashed, and then the surgery point 
was sterilized.  Ovaries (follicle red 
tissue linked to oviduct tube) were 
removed gently. After that, the internal 
and external were stitched separately. 
Finally, the penicillin was injected to 
prevent infection. After three days, for 
six days, the vagina smear of the mice 
was prepared and evaluated by light 
microscope. If the fern design was not 
observed, the ovariectomy would be 
considered to be performed correctly 
12
.  
The groups were as follows: 
Group 1 (control group): The group 
without ovariectomy given distilled 
water as gavage; 
20 
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Group 2 (positive control): The 
ovariectomized group given 40 µg/kg of 
estradiol valerate as gavage; 
Groups 3-5: The groups without 
ovariectomy given F. vulgare extract at 
200, 500, and 750 mg/kg as gavage; 
Group 6: The ovariectomized group 
given distilled water as gavage;  
Groups 7-9: The ovariectomized groups 
given F. vulgare extract at 200, 500, and 
750 mg/kg; and 
Group 10: The ovariectomized group 
given diazepam at 1 mg/kg 
1
.  
In Khazaei et al study, five different 
doses of the extract were administered 
to five groups of mice (five 
mice/group). After 24 hours, there were 
no deaths in the animals that received 
the plant extract at 1, 10, 100 and 500 
mg/kg, and one death was reported at 
1000 mg/kg 
13
. Doses of drugs were 
selected based on our pilot study. All 
drugs and extracts were dissolved in 
distilled water. All steps of 
experimentation were carried out in 
accordance with the regulations of the 
University and the Guide for the Care 
and Use of Laboratory Animals of 
National Institutes of Health (ethics 
code: IR.SKUMS.REC.1397.31). 
Elevated plus maze (EPM):   
EPM is an accredited test for evaluation 
of anxiety in rodents.  The apparatus is 
made of black opaque plexiglass and 
includes two open (30×5×0.25 cm) and 
enclosed (30×5×15 cm) arms, which are 
connected by a platform area (5×5 cm) 
located at 50 cm above the floor. 
Testing room was appropriately 
illuminated and kept quiet. Mice were 
separately placed in the center of the 
EPM facing to open arm and standard 
indexes of anxiety evaluation were 
videotaped for 5 min. The indexes 
included the time spent on the open and 
closed arms, the number of entries to 
the open and closed arms, and the total 
number of entries to the arms. The 
apparatus was sterilized with 70% 
ethanol after testing each mice  
1
.  
Open field test: 
 The open chamber is a glass house 
sized 45*45 cm and 45 cm height, that 
is divided into 16 equal squares and is 
located in the middle of a silent room. 
To perform the test, at least 1 hour 
before the test, animals were put in the 
experiment room. Each animal was left 
in the open field for 10 min for 
familiarization one day before the test. 
The next day, the animal was put in the 




travelled distance and the time spent in 
the center and margins were recorded 
1
. 
MDA levels of serum and brain: 
 Two hundred µl of serum or 
homogenate brain tissue was mixed 
with 1.5 ml of 20% acetic acid, 1.5 ml 
of TBS (0.8%) and 200 µl of 8.1% 
sodium dodecyl sulfate. The samples 
were then boiled in boiling water for 60 
minutes. The samples were then cooled 
and 1 ml of distilled water and 5 ml of a 
n-butanol-pyridine mixture were added 
and cooled. The mixture was then 
centrifuged at 4000 rpm for 10 minutes 
and the optical absorbance of the 




Evaluation of total antioxidant 
potential:  
To measure serum and brain tissue 
antioxidant capacity, three solutions 
were used by FRAP method consisting 
of buffer (1.55 ml sodium acetate, 8 ml 
concentrated acetic acid that was diluted 
with distilled water to 500 ml), ferritin 
chloride solution (270 mg FeCl 3 (6 2) 
whose volume increased to 50 ml by 
adding distilled water) and Triazine 
solution (47 mg Triazine solved in 40 
ml of HCL 40 mM). The solution was 
prepared by adding 10 ml of solution 
number 1, 1 ml of solution number 2, 
and 1 ml of solution number 3.  Twenty 
five µL of serum of homogenated liver 
and kidney tissue was added to the 
solution and left at 37 ºC for 10 min; 
then, the optical absorbance was 
recorded at 593-nm wavelength 
14
. 
Data analysis: Data analysis was 
performed by using SPSS 16. The one-
way ANOVA and Tukey’s test were 
used for the comparison of mean values. 
The results were expressed as the 
mean±standard deviation (SD). P<0.05 
was considered significance level. 
Results 
EPM 
There was no significant difference 
in time of entries to the open arm 
between ovariectomized and control 
mice. However, there was a significant 
difference in number of entries to the 
closed arms between ovariectomized 
mice and control group. The treatment 
of overiectomized mice with 500 and 
750 mg/kg of the extract caused a 
significant increase in entry time to the 
open arm of EPM and decrease in entry 
time to the closed arm (Figure 1). 
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Figure 1: Comparison between the entry time number to open arm (A) and close arm (B) in elevated plus maze test; a: 
significant difference between control group and extract group (P<0.01); b: significant difference between control group and 
ovariectomized mice (P<0.01); c:  significant difference between ovariectomized group and ovariectomized groups given 



















Figure 2: The comparison of time spent at central squares (A) and crossing squares (B) in open field test; (a) significant 
difference between control group and extract groups (P<0.01); (b) significant difference between control group and 
ovariectomized group (P<0.05); (c) significant difference between ovariectomized group and ovariectomized groups that 












Figure 3: the comparison of MDA serum (A) and brain (B) in experimental groups. (a) significant difference between control 
group and extract groups (P<0.05); (b) significant difference between control group and ovariectomized group (P<0.001); (c) 












Open field test 
Figure 2 demonstrates that the time 
spent at the center of open field test in 
ovariectomized mice had no significant 
difference to the control group. The 
treatment of ovariectomized mice with 
estradiol caused a significant increase in 
time spent at the center of the open field 
test. The number of crossing squares in 
open field test in ovariectomized mice 
significantly decreased compared with 
control group. The treatment of 
ovariectomized mice with 750 mg/kg of 
the extract and also estradiol and 
diazepam caused a significant increase 
in crossing squares in the opened field 
test. 
MDA level 
Serum and brain MDA levels were 
significantly higher in ovariectomized 
mice than in the control group. The 
treatment of ovariectomized mice with 
different doses of the extract, estradiol, 
and diazepam significantly decreased 
serum MDA levels. The treatment of 
ovariectomized mice with 500 and 750 
mg/kg of the extract and also diazepam 
significantly decreased brain MDA 
levels (Figure 3). 
Antioxidant capacity 
The antioxidant capacity of serum and 
brain tissue in ovariectomized mice 
significantly decreased compared with 
control group. The treatment of 
ovarictomized mice with different doses 
of the extract, estradiol and diazepam 
caused a significant increase in the 
antioxidant capacity of serum and brain 
(Figure 4). 
Discussion  
Our findings demonstrated that 
ovariectomy of mice caused an increase 
in anxiety behaviors such as the time for 
entering the EPM closed arm. Besides 
that, anxiety behaviors in the open field 
test were seen in mice, including the 
decrease of time spent in the center and 
the crossing squares. In the present 
study, mice were studied two weeks 
after ovariectomy, and they exhibited 
anxiety-like behaviors in the open field 
test and EPM. In the present study, the 
treatment of ovariectimized mice with 
500 and 750 mg/ kg  doses of F. vulgare 
extract have improved anxiety 
behaviors as the significant increase 
number of entries to the EPM open arm 
and reduction number of entries to the 
EPM closed arm. In control given 750 
mg/kg of the extract, the entries number 
and time spent on the EPM open arm 
24 
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was more than that in the control mice. 
F. vulgare may have antioxidant 
properties to reduce anxiety-like 
behaviors. According to the findings of 
this research, the treatment of 
ovariectomized mice with estradiol 
caused a significant reduction in entries 
time to the closed EPM arm, a 
significant increase in entries time to 
the open EPM arm, and a significant 
increase in time spent at center and 
crossing squares in the open field test.  
In the study of Alimohammadi et al. 
(2015), a significant decrease of time 
spent and number of entries to the open 
arms was observed in anxious mice in 
comparison with the control group 
3
. 
Moreover, Honari et al. (2012) has 
reported anxiety-like behaviors such as 
the decreased number of entries and 
time spent in the open arms in 
ovariectomized mice 
1
. Hi et al. (2014), 
announced the anxiety-like behaviors in 
the ovariectomized mice as rearing,  
exploration and passing time reduction 




Generally, with regard to the 
development of anxiety-like behaviors 
and depression in ovariectomized rats, 
several reports are available based on 
the species of rats, type of behavioral 
tests and time of the test. According to 
Estrada–Camarena et al. (2011), 
depression-like behavior was seen after 
one week from ovariectomy; however, 
no depression–like behavior was seen 3 
and 12 weeks after ovariectomy  
16
. In 
female Long-Evans  rats, anxiety and 
depression behaviors were seen six 
months after ovariectomy 
17
. In The 
study of Li et al., anxiety and 
depression behaviors due to 
ovariectomy were observed at the fifth 
week after surgery in Sprague Dawley 
rats 
15
. Alimohammadi et al. (2015) 
have reported anxiety behaviors in mice 
after one month 
3
. 
In the studies of Kishore et al. (2012) 
and Vafaei  et al. (2010), the treatment 
of animals with F. vulgare extract 
significantly increased the number of 
entries and time spent at the open arms 
of EPM. In the open field test, the F. 
vulgare extract caused a significant 
increase in the number of standing on 
feet and the number of crossing squares 
18
. Kishore et al. and Vafaei et al. 
reported the anti-anxiety effects of F. 
vulgare extract at lower dose in control 
mice 
19
. However, the present research 




might be due to the difference in 
treatment period and also extracts’ 
phytochemical compounds. In a 
double–blind randomized clinical 
(control) trial by Ghazanfarpour et al. 
(2018), 60 postmenopausal women 
were under investigation by F. vulgare 
or placebo. According to their findings, 
anxiety and stress levels showed 
significant changes after the treatment; 
however, a significant decrease in 
anxiety and depression was seen among 
depressed patients following F. vulgare 
treatment. The researchers attributed the 
observed effects of F. vulgare to 
phytoestrogenic compounds 
2
. In the 
present study, the anti–anxiety effects 
of F. vulgare extract were seen in 
ovariectomized mice. One strength of 
our study is the investigation of anti–
anxiety activity of medicinal 
compounds in animal models in order to 
investigate their mechanisms of actions, 
i.e., in the present research the role of 
oxidative stress in anti–anxiety activity 
of F. vulgare extract was investigated. 
In ovariectomized mice, serum and 
brain MDA levels, as lipid peroxidation 
index, were significantly higher 
compared to the control group. Besides 
that, there was a significant reduction of 
brain and serum antioxidant capacity in 
ovariectemized mice that shows the 
weakness of the antioxidant defense 
system. 
It seems that the oxidative stress due to 
menopause and reduction of estrogen 
levels play a vital role in psychological 
and mode disorders. Recent studies 
have shown that estrogen exhibits 
antioxidant activity that is due to the 
phenol form of its structure. Phenol 
structure of antioxidant activity is 
exhibited through the link to ferritin and 




Singorelli et al. (2006) reported a 
significant difference between oxidative 
stress markers including 4-hydroxy-2-
nonenal (4-HNE), MDA, and oxidized 
lipoprotein among fertile and 
menopausal women. Moreover, 
menopausal accompanied the 
significant decrease of Glutathione 
peroxidase Antioxidant Enzyme activity 
(GSH – PX) 
22
 . Signorelli et al. (2001) 
reported a significant relationship 




In the research of Leal (2009) on 
menopausal women, the reduction of 
26 
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antioxidant capacity, the decrease of 
sulfhydryl groups and the increase of 
serum peroxidase activity were reported 
as the indices of oxidative stress 
24
. 
Researchers suggest that oxidative 
stress of brain plays an important role in 
depression and anxiety pathogens in 
humans and animal models 
25,26
. 
Recently, with regard to the role of 
oxidative stress in the development of 
anxiety disorder, antioxidant 
compounds have been suggested as a 
new solution to the problem. In a study 
on different doses of F. vulgare extract, 
estradiol and diazepam caused a 
significant decrease in MDA and a 
significant increase in serum and brain 
antioxidant capacity. Since the estradiol 
antioxidant effects were reported in 
previous studies 
21
. Koppula et al. 
(2011) reported that F. vulgare extract 
could decrease lipid peroxidation of 
liver and brain in stressful rats 
27
. F. 
vulgare contains phenol, flavonoid, and 
phenolic acid compounds. F. vulgare 
phenolic acids include chlorogenic acid, 
cryptochlorogenic acid, neochlorogenic 
acid, and rosmarinic acid. Flavonoids 
include eriositrin, quercetin, 
isoquercetin, rutin, hyperacid, 
nicotiflorin and kaempferol 
10
. 
In the study of Moara et al (2005), 
anethole and fenchone were found as 
compounds of F. vulgare extract by gas 
chromatography 
7
. Phenolic and 
flavonoid compounds are natural 
antioxidants that exist in many fruits 
and vegetables. These compounds affect 
the control of the nervous system and 
decrease the levels of oxidative stress 
markers, therefore improving the 
behaviors related to anxiety and stress 
28
. One study on quercetin demonstrated 
that the compound could improve 
anxiety-like and depression-like 
behaviors due to chronic stress by 
reducing oxidative stress parameters 
29
. 
In the study of Machawal et al. (2011), 
rutin could cause the anxiety behaviors 
in rats without kinetic stress; besides 
that, the researchers reported the 
effectiveness of rutin on the reduction 
of oxidative-nitrative stress parameters 
28
. Moreover, studies have demonstrated 
the antianxiety and anti-depressant 







The present study of the treatment of 
ovariectemized mice with F. vulgare 
extract demonstrated the improvement 
of anxiety-like behaviors in the EPM. In 




brain and serum MDA and the 
reduction of brain and serum 
antioxidant capacity were seen. The 
treatment with different doses of F. 
vulgare extract causes the reduction of 
MDA and the enforcement of 
antioxidant capacity. It is therefore 
possible that F. vulgare extract 
improves the anxiety-like behaviors due 
to the menopause through the reduction 
of oxidative stress parameters. This 
argument, however, deserves further 
study.: 
Reference: 
1. N. H, I. P, E. H, et al. Effect of vitex 
agnus castus extraction on anxiety-like 
behaviors in ovariectomized rats. 
2012;14(568):29-35. 
https://www.sid.ir/en/Journal/ViewPape
r.aspx?ID=264904. Accessed June 9, 
2021. 
2. Ghazanfarpour M, Mohammadzadeh 
F, shokrollahi P, et al. Effect of 
Foeniculum vulgare (fennel) on 
symptoms of depression and anxiety in 
postmenopausal women: a double-blind 




3. Alimohammadi R, Naderi S, 
Allahtavakoli M. Effects of exercise and 
estrogen on anxiety-like behaviors in 
ovariectomized mice. J Babol Univ 
Med Sci. 2015;17(12):40-46. 
doi:10.22088/jbums.17.12.40 
4. Phillips SM, Sherwin BB. Effects of 
estrogen on memory function in 




5. Sánchez-Rodríguez MA, Zacarías-
Flores M, Arronte-Rosales A, Correa-
Muñoz E, Mendoza-Núñez VM. 
Menopause as risk factor for oxidative 
stress. Menopause. 2012;19(3):361-367. 
doi:10.1097/gme.0b013e318229977d 
6. Oktay M, Gülçin I, Küfrevioǧlu ÖI. 
Determination of in vitro antioxidant 
activity of fennel (Foeniculum vulgare) 
seed extracts. LWT - Food Sci Technol. 
2003;36(2):263-271. 
doi:10.1016/S0023-6438(02)00226-8 
7. Moura LS, Carvalho RN, Stefanini 
MB, Ming LC, Meireles MAA. 
Supercritical fluid extraction from 
fennel (Foeniculum vulgare): Global 
yield, composition and kinetic data. J 
Supercrit Fluids. 2005;35(3):212-219. 
doi:10.1016/j.supflu.2005.01.006 
8. Damayanti A, Setyawan E. Essential 
Oil Extraction of Fennel Seed 
(Foeniculum vulgare) Using Steam 
Distillation. Astrilia Damayanti Eko 
28 




in/sni/detail_sni/7400. Accessed June 9, 
2021. 
9. Cautela D, Vella FM, Castaldo D, 
Laratta B. Characterization of essential 
oil recovered from fennel horticultural 
wastes. Nat Prod Res. 
2019;33(13):1964-1968. 
doi:10.1080/14786419.2018.1478827 
10. Kooti W, Moradi M, Aliakbari S, 
Sharafi-Ahvazi N, Asadi-Samani M, 
Ashtary-Larky D. Therapeutic and 
pharmacological potential of 
Foeniculum vulgare Mill: a review. J 
HerbMed Pharmacol. 2015. 
11. Yaldiz G, Camlica M. Variation in 
the fruit phytochemical and mineral 
composition, and phenolic content and 
antioxidant activity of the fruit extracts 
of different fennel (Foeniculum vulgare 
L.) genotypes. Ind Crops Prod. 
2019;142:111852. 
doi:10.1016/j.indcrop.2019.111852 
12. Emerton KB, Hu B, Woo AA, et al. 
Osteocyte apoptosis and control of bone 
resorption following ovariectomy in 
mice. Bone. 2010;46(3):577-583. 
doi:10.1016/j.bone.2009.11.006. 
13. Khazaei M, Montaseri A, Khazaei 
MR, Khanahmadi M. Study of 
Foeniculum vulgare effect on 
folliculogenesis in female mice. Int J 
Fertil Steril.  2011;5(3):122. 
14. Rabiei Z, Setorki M. Effect of 
hydroalcoholic echium amoenum 
extract on scopolamine-induced 
learning and memory impairment in 
rats. Pharm Biol. 2018;56(1):672-677. 
doi:10.1080/13880209.2018.1543330 
15. Li LH, Wang ZC, Yu J, Zhang YQ. 
Ovariectomy results in variable changes 
in nociception, mood and depression in 
adult female rats. PLoS One. 2014;9(4). 
doi:10.1371/journal.pone.0094312 
16. Estrada-Camarena E, López-
Rubalcava C, Hernández-Aragón A, 
Mejía-Mauries S, Picazo O. Long-term 
ovariectomy modulates the 
antidepressant-like action of estrogens, 
but not of antidepressants. J 
Psychopharmacol. 2011;25(10):1365-
1377. doi:10.1177/0269881111408456 
17. Walf AA, Paris JJ, Frye CA. 
Chronic estradiol replacement to aged 
female rats reduces anxiety-like and 








18. Article NAGA KISHORE RR, 
Anjaneyulu N, Naga Ganesh M, Sravya 
N. Evaluation of anxiolytic activity of 
ethanolic extract of foeniculum vulgare 
in mice model. www.wikipedia.com. 
Accessed June 9, 2021. 
19. Vafaei A, Taherian A. Investigation 
the effects of extract of Foeniculum 
vulgare on anxiety in mice. Iran J 
Pharm Res. 2010;0(0):46-46. 
doi:10.22037/ijpr.2010.432 
20. Subbiah MTR, Kessel B, Agrawal 
M, Rajan R, Abplanalp W, 
Rymaszewski Z. Antioxidant potential 
of specific estrogens on lipid 
peroxidation. J Clin Endocrinol Metab. 
1993;77(4):1095-1097. 
doi:10.1210/jcem.77.4.8408459 
21. Begoña Ruiz-Larrea M, Ma Leal A, 
Liza M, Lacort M, de Groot H. 
Antioxidant effects of estradiol and 2-
hydroxyestradiol on iron-induced lipid 
peroxidation of rat liver microsomes. 
Steroids. 1994;59(6):383-388. 
doi:10.1016/0039-128X(94)90006-X 
22. Signorelli SS, Neri S, Sciacchitano 
S, et al. Behaviour of some indicators of 
oxidative stress in postmenopausal and 
fertile women. Maturitas. 
2006;53(1):77-82. 
doi:10.1016/j.maturitas.2005.03.001 
23. Signorelli SS, Neri S, Sciacchitano 
S, et al. Duration of menopause and 
behavior of malondialdehyde, lipids, 
lipoproteins and carotid wall artery 
intima-media thickness. Maturitas. 
2001;39(1):39-42. doi:10.1016/S0378-
5122(01)00174-8 
24. LEAL M. Hormone replacement 
therapy for oxidative stress in 
postmenopausal women with hot 
flushes*1. Obstet Gynecol. 
2000;95(6):804-809. 
doi:10.1016/s0029-7844(00)00822-x 
25. Bouayed J, Rammal H, Soulimani 
R. Oxidative stress and anxiety 
Relationship and cellular pathways. 
Oxid Med Cell Longev. 2009;2(2). 
doi:10.4161/oxim.2.2.7944 
26. Masood A, Nadeem A, Mustafa SJ, 
O’Donnell JM. Reversal of oxidative 
stress-induced anxiety by inhibition of 
phosphodiesterase-2 in mice. J 
Pharmacol Exp Ther. 2008;326(2):369-
379. doi:10.1124/jpet.108.137208 
27. Koppula S, Kumar H. Foeniculum 
vulgare Mill (Umbelliferae) attenuates 
stress and improves memory in wister 
rats. Trop J Pharm Res. 2013;12(4):553-
558. doi:10.4314/tjpr.v12i4.17 
28. Machawal L, Kumar A. Possible 
involvement of nitric oxide mechanism 
30 
Advanced Herbal Medicine, Summer and Autumn 2020; 6(2): 17-31 
 
in the neuroprotective effect of rutin 
against immobilization stress induced 
anxiety like behaviour, oxidative 
damage in mice. Pharmacol Reports. 
2014;66(1):15-21. 
doi:10.1016/j.pharep.2013.08.001 
29. Toumi ML, Merzoug S, Baudin B, 
Tahraoui A. Quercetin alleviates 
predator stress-induced anxiety-like and 
brain oxidative signs in pregnant rats 
and immune count disturbance in their 
offspring. Pharmacol Biochem Behav. 
2013;107:1-10. 
doi:10.1016/j.pbb.2013.03.009 
30. Bouayed J, Rammal H, Dicko A, 
Younos C, Soulimani R. Chlorogenic 
acid, a polyphenol from Prunus 
domestica (Mirabelle), with coupled 
anxiolytic and antioxidant effects. J 
Neurol Sci. 2007;262(1-2):77-84. 
doi:10.1016/j.jns.2007.06.028 
31. Takeda H, Tsuji M, Miyamoto J, 
Matsumiya T. Rosmarinic acid and 
caffeic acid reduce the defensive 
freezing behavior of mice exposed to 
conditioned fear stress. 
Psychopharmacology (Berl). 
2002;164(2):233-235.   
doi:10.1007/s00213-002-1253-5 
 
 
 
31 
